Concentrations and Congener Profiles of PCDD/Fs in Sludge Spray Drying-Incineration Process  by Sheng, Shouxiang et al.
 Procedia Environmental Sciences  16 ( 2012 )  424 – 432 
1878-0296 © 2012 Selection and/or peer-review under responsibility of Basel Convention Coordinating Centre for Asia and the Paciﬁ c and National 
Center of Solid Waste Management, Ministry of Environmental Protection of China
doi: 10.1016/j.proenv.2012.10.059 
Available online at www.sciencedirect.com
The 7th International Conference on Waste Management and Technology 
Concentrations and Congener profiles of PCDD/Fs in Sludge 
Spray Drying-Incineration Process 
Shouxiang Shenga,b, Cuiping Wanga, Zhiyong Gaoa, Ying Wanga,c, Kaijun Wang 
a,*, Changmin Wub, Yong Lub 
aSchool of Environment, Tsinghua University, Beijing China 100084 
bCSD(Beijing)Environmental Protection Development Co., Ltd. Beijing 100192 
cBeijing Guohuan Tsinghua Environmental Engineering Design& Research Institute Co., Ltd. Beijing 100084             
Abstract 
Concentrations and Congener profiles of PCDD/ Fs in fly ash and gas from Sludge Spray Drying-
Incineration were detected by high resolution gas chromatography coupled with low resolution mass 
spectrometry (HRGC/ LRMS). The results showed that the special technology design made the Toxic 
Equivalent Quantity(TEQ) concentrations of PCDD/Fs in gas were lower than 0.1 ng I-TEQ /Nm3, and 
zero emissions of PCDD/Fs in fly ash. PCDD/Fs emission factors of Sludge incineration is 0.122ȝg I-
TEQ/t, lower than PCDD/Fs emission factors of the waste class incineration in the UNEP Toolkit. The 
Sludge Spray Drying-Incineration process provides effective protection and a new way for sludge 
treatment and disposal.  
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1. Introduction 
It is known that urban sewage treatment capacity in China has been developed rapidly in recent years. It 
is reported that urban sewage treatment capacity has reached 136 million cubic meters per day and the 
sewage treatment rate is over 75% [1].However, sludge treatment and disposal drop behind compared 
with sewage treatment. The security rate of sludge treatment and disposals is less than 10%[2]. It is 
expected that incineration of sewage sludge will be developed increasingly in the next decade in China 
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because of the limitations of some sludge treatment and disposal methods, such as land-filling and 
agricultural utilization [3]. 
The Sludge Spray Drying-Incineration has become the mature technology in Japan, USA and Europe, 
which begins to use in China [4,5]. The key reason that it cannot be spread widely is that some hazardous 
air pollutants, especially PCDD/Fs emissions, are generated when the sewage sludge incinerates. Tolie 
et.al have done some studies about the concentrations and congener profiles of PCDD/ Fs in fly ash and 
gas from municipal solid waste (MSW) sludge incineration. It is proposed that incineration technology is 
irrationality [6]. Concentrations and congener profiles of PCDD/Fs generated from a new type of Spray 
Drying-Incineration has been discussed in this paper, based on the research of the formation of hazardous 
air pollutants form sewage sludge incineration in order to provide a safe way of sludge treatment and 
disposal[2, 7]. 
2. Research 
2.1. Process description 
Sludge Spray Drying-Incineration of sewage sludge and PCDD/Fs sampling point is shown in Fig.1. 
This new thermal process of spay-drying and rotary incineration for sludge disposal includes: sludge 
preliminary treatment system, spay-drying, rotary incinerator, flue gas purification system, heat and wind 
supply system, ash and slag collection system, coal store system and others. 
The dewatered sludge was pumped at a high pressure and sprayed to drizzles at 30-500 mǂ  at the top of 
the spay-drying tower, where it contacted directly with high-temperature flue gas (˚500ć), and dried 
through thermal exchange to particles with less than 20% moisture content. The cooled exhaust gas was 
drawn into the purification system, including cyclone separator, bag filter, flue gas cleaning and the 
chimney, to remove the most ash particles, heavy metals, acid gases to meet the discharge standards. The 
dried sludge particles together with ash will be conveyed to the rotary oven to be incinerated. The flue 
gases produced in oven were transported to the secondary combustion chamber to be heated to a 
temperature of more than 850ć for more than 2.5 seconds. The high temperature flue gas would be 
cooled to about 500ć by mixing with ambient air and be transported to the top of spray-drying tower. 
The non-combustible in the oven, which their loss on ignition is less than 5%, is retained and conveyed to 
the slag tank to be recycled as construction materials[8]. 
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(A: Chimney, B: inlet of the cleaning tower, C: inlet of bag filter, D: inlet of cyclone separator, E: fly ash collected by bag filter, F: 
fly ash by cyclone separator) 
Fig.1Sludge Spray Drying-Incineration of sewage sludge and PCDD/Fs sampling point 
2.2. Sampling collection 
2.2.1 Gas sample collection 
The isokinetic flue gas sampler (Isostack Basic, TCR Tecora) is used to collect the samples of 
incineration gas and the monitor points can be seen from the Figure 2. The collecting process should obey 
the requirements of  HJ/T365-2007 and HJ 77.2-2008. 
 
 
 
 
Fig.2 PCDD/Fsin the flue gas sampling and monitoring points 
2.2.2 Fly ash sample collection 
A fly ash sample is collected from the bag filter and cyclone filter respectively. The collect way should 
be according to USEPA Method-1613.Inthebag filter and cyclone filter collected one fly ash sample, 
respectively, and the fly ash sample collection according to the USEPA Method-1613. 
2.3. Sample pretreatment and analysis 
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The PCDD/Fs analyses were conducted using a high-resolution gas chromatography coupled with a 
high-resolution mass spectrometry (HRGC/HRMS) (Agilent 6890N - JMS800D, Japan)with both BPX-
DXN column (SGEˈ60mh0.25mmh0.25ȝm) and RH-12ms column (INVENTXˈ60mh0.25mmh
0.25ȝm).The temperature program of the capillary column was as follows: (1) 130°C hold for 1 min; (2) 
increased at 15°C/min to 210°C; (3) increased at 3°C/min to 310°C, and (4) increased at 5°C/min to 
320°C, hold for 10 min. The injection volume was 1ul by automatic split less injection. The MS was 
operated at a resolution of 10000 under positive EI conditions (38eV electron energy), and the data were 
obtained in the selective ion monitoring mode. 
3. Results and discussion 
The total discharge concentration of flue gas dust is 26.9mg/m3; concentration of carbon monoxide is 
82.0 mg/m3; concentration of hydrogen chloride is 24.6 mg/m3, the concentration of nitrogen oxides is 
300.6 mg/m3 and concentration of sulfur dioxide is 231 mg/m3. Besides, the concentration of mercury, 
lead, arsenic, chromium are 0.0085mg/m3, 0.508 mg/m3, 0.0636mg/m3 and 0.508 mg/m3 respectively, 
which shows that the concentration of cadmium is below the test line. As seen from the results, these 
indicators are lower than the requirements of Garbage burning pollution control standard (GB18485-2001). 
The total emission of sulfur dioxide is 6759 mg/m3 without adding lye in purification tower. The 
concentration of PCDD/Fs in fly ash can be seen in Table 1, which clearly shows that it achieves the 
requirements of a secure landfill. Table 2 listed the concentration of PCDD/Fs in the flue gas and they are 
all lower than 0.1ng/m3, which can meet EU standards. 
3.1. Concentrations and Congener profiles of PCDD/Fs in fly ash 
There is a strong relativity between dioxin emissions and flue gas particles because fly ash is the main 
reaction surface for formation of PCDD/Fs, and the metal, metal oxide or metal chloride can promote the 
formation of PCDD/Fs[9]. Some researchers had studied that the content of PCDD/Fs in the fly ash 
almost accounted for 50-90% of the flue gas[10], and small practical size fly ash contained higher 
concentration of PCDD/Fs than large practical one[11]. The result is consistent with the conclusion of this 
article that the concentration of PCDD/Fs in bag fly ash is higher than in cyclone fly ash. 
Table 1 Concentration of PCDD/Fs in fly ash˄ng I-TEQ /g˅ 
 Bag fly ash Cyclone fly ash 
Total PCDDs 0.017 0.006 
Total PCDFs 0.087 0.026 
Total PCDD/Fs 0.100 0.032 
Generally, the fly ash generated from the garbage incinerator is regard to hazardous waste in many 
countries in the world, which can be treated by melting, solidify reprocessing, directly and fill and cement 
kilns burning. As PCDD/Fs may potentially threaten the health of human being, many countries have 
regulated the concentration of PCDD/Fs in dwell soil [12].For instance, the limitation of concentration of 
PCDD/Fs in soil quality standards requires less than1.0 ng I-TEQ/g in Germany, Japan and USA and is 
1.5 ng I-TEQ/g in New Zealand. Besides, Japan landfill standards require that the concentration of 
PCDD/Fsin fly ash shall not exceed 3.0 ng I-TEQ / g. It is known that China does not have any standards 
that provide the PCDD/Fs limits in solid waste. With reference to foreign standards, the fly ash generated 
in this process should directly go to the landfill and be treated. However, the fly ash produced by Spray 
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Drying-Incineration process can directly go into the incineration system without efflux, which is to 
achieve zero emissions of PCDD/Fs. 
 
 
Fig.3 Congener profiles of 2,3,7,8-subtituted PCDD/Fs in fly ash samples 
Figure 3describes the proration of the concentrations of the 2,3,7,8-subtituted PCDD/Fs in fly ash. It 
can be seen that 2,3,7,8-TeCDF in bag and cyclone fly ash contribute higher in the pattern of PCDD/Fs, 
which are 42% and 30% respectively. While, the OCDF take account the lowest contribution, which are 
0.092% and 0.25% respectively. There are presented analytical results for all the PCDD/Fs congeners. It 
is analyzed that²bag fly ash(PCDFs)/²bag fly ash(PCDDs) is5.12, and ²cyclone fly ash (PCDFs)/²
cyclone fly ash (PCDDs) is 4.33. The results show that the distribution of congeners is very similar in all 
incineration plants. According to EVERAERTK theory[13],the mechanisms of PCDD/F formation are de 
novo synthesis. In the condition of low temperature (250to 3500C), PCDD/Fs can be synthesized by the 
gas-solid and solid-solid reaction with the macromolecular carbon and organic chlorine or inorganic 
chloride in the fly ash surface catalyzed by Cu(Ċ).At the same time, the Cu ions can directly involve in 
the reaction as oxidant[14]. Overseas studies have shown that the presence of sulfur in the incineration 
process can inhibit the formation of PCDD/PCDFs[15,16]. Stieglitz et al[17]from the test of coal and 
MSW co-incineration showed that if the effects of the S/Cl is 1 to 5, it can reduce the emission of 
PCDD/Fs. In addition, it is proved by Lutho et al[18]that90% of low temperature PCDD/Fs is inhibited 
when S/Clis10. The experience is burning sludge of printing and dyeing waste water, control group is 
combustion of sewage sludge (the content of element S was <1%[19]), emission concentration of 
dioxinsare0.017and 0.21 ng I-TEQ /Nm3(Table 2). As a result, sulfur plays a role of inhibitor in the 
process of PCDD/Fsgenerated although this reaction was recently shown to make minor contributions to 
the inhibition[20]. 
3.2. Concentrations and distributions of PCDD/Fs and its congeners in gas 
The burned sludge in the process is from printing and dyeing waste water, while the control group 
combust the sewage sludge (the content of element solids was <1%[19]). It can be seen the concentrations 
of dioxin in flue gas from the Table 2, which shows the removal efficiency of PCDD/Fs in the flue gas 
from different sludge incinerator using bag house and cyclone house. The removal efficiency of the bag 
house unit is 64.3%, and it was higher than Jin’s research result of 39.7%[21]. According to Hartmut et 
al.’s research[22,23], the most important parameters which affect dioxin in the gas/particle ratio are the 
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temperature, the vapor pressures of the PCDD/Fs, the particle number density, the particle size and 
particle properties like pore size and chemical composition. They also found that gas phrase suspending 
and absorbed particles of the PCDD/Fs both took around 50% of the total amount, which is similar to the 
results of this paper. 
Table 2 concentration of dioxins in flue gas(ng/Nm3) 
Measuring location ȡ I-TEQ 
Cyclone gas 2.30 0.070 
Bag gas 0.59 0.025 
Outfall gas 0.33 0.017 
Control group gas 3.90 0.210 
As it can be seen from the Table 2, the dioxin in flue gas and the gas emission levels of PCDD/Fs in 
control group are below 1ng I-TEQ Nm3,meeting the emission limit regulated by Ministry of 
Environmental Protection of People’s Republic of China (MEP).Yuwen Ni et al[24 ]have monitored the 
gas emission of PCDD/Fs from nineteen commercial municipal solid waste (MSW) incinerators in China, 
which found that the emission concentrations of PCDD/Fs were 0.042 to2.461 ng I-TEQ Nm3 with an 
average value of 0.423 ng I-TEQ Nm3.The emissions levels of PCDD/Fs from sixteen MSW incinerators 
were below the MEP’s regulation level, while six systems have the dioxin emission levels below the limit 
of 0.1 ng I-TEQ Nm3establishedby the European Union Directive. Coal combustion process can also 
produce PCDD/Fs. Some researchers monitored the dioxin concentration from Germany and Holand coal 
plants, which are 0.001 to 0.04ngI-TEQ /Nm3, 0.02ngI-TEQ /Nm3, and the concentrations of dioxin of 
flue gas are 2 to3 magnitudes lower than MSW incinerators’ gas[25,26]. The dioxin level of flue gas with 
the new Sludge Spray Drying-Incineration technology is lower than the levels from MSW and hazardous 
waste [27], close to coal incineration, and also lower than the conventional Sludge Spray Drying-
Incineration technology (0.0917ngI-TEQ /Nm3)[28]. 
In this paper, it is accidentally discovered that the removal efficiency of dioxin by purification tower 
was 32.0%.In conclusion,  the small residue fly ash encounter water settlement thereby remove dioxins , 
the reasons how is work unknown, but we will to do further study. 
Figure4 shows the concentrations of the 2,3,7,8-subtituted PCDD/Fs in gas. All seventeen kinds of 
2,3,7,8-subtituted PCDD/Fs have been detected. Of the total outfall gas of 2,3,4,7,8-PeCDF has the 
highest contribution of 25% to the total amount of PCDD/Fs, while 1,2,3,4,7,8,9-HpCDF has the lowest 
contribution to the total amount of PCDD/Fs , which is 0.3%. Of the cyclone gas, 2,3,4,7,8-PeCDF has the 
highest contribution to the total amount of PCDD/Fs, which is 30%, while OCDF was 0.1%, and of the 
bag gas, they are 24% and 0.2% respectively. In result, the concentration of PCDFs is higher than PCDDs 
for all samples. It is conclude that the distribution of congeners is very similar in all incineration plants. 
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Fig.4 Congener profiles of 2,3,7,8-subtituted and homologue distributions of PCDD/Fs in gas samples 
Figure.4 presents analytical results for all of the seventeen PCDD/Fs congeners andt²outfall(PCDFs) 
is higher than²outfall(PCDDs). The results show that ²outfall (PCDFs)/²outfall (PCDDs) is1.25ˈ²
bag gas(PCDFs)/²bag gas(PCDDs) is 2.13ˈand ²cyclone gas(PCDFs)/²cyclone gas (PCDDs) is 2.18. 
It is proved that the mechanisms of PCDD/F formation are de novo synthesis. 
3.3. Emission Factors 
Table 3 Emission factors for difference waste 
Waste species Emission Factors - ­g TEQ/t 
Municipal Solid Waste 0.500 
Hazardous Waste Incineration 0.750 
Medical Waste Incineration 1.000 
Sewage Sludge Incineration 0.400 
Waste Wood and Waste Biomass Incineration 1.000 
Destruction of Animal Carcasses 5.000 
Light-Fraction Shredder Waste Incineration 1.000 
According to ”UNEP Standard Toolkit for Identification and Quantification of Dioxin and Furan 
Releases”, the emission factor of PCDD/Fs from Spray Drying-Incineration is 0.122ȝgI-TEQ /t sludge, 
which is lower than that of PCDD/Fs from MSW in China and Taiwan[24,29]. The comparison of 
emission factors by mature ACPS of sophisticated incineration equipment in POPs toolkits of UNEP is in 
Table 3 above. It can be seen from the table 3 that the emission factors of PCDD/Fs from Spray Drying-
Incineration is the lowest of all kinds of factors[30]. 
4. Conclusion 
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In conclusion, the concentration of PCDD/Fs in flue gas treated by the Sludge Spray Drying-
Incineration meets EU standards. As the first engineering application in China, the new Drying- 
Incineration shows less impact on ambient air, is a safe and reliable sludge processing and has low risk of 
contamination. 
The technology, providing effective protection and new outlets for sludge treatment and disposal, 
achieves effective control of PCDD/Fs in sludge drying and incineration flue gas dioxin, which will 
finally realize zero emissions of fly ash dioxin. 
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